Mouse Glial Cells Missing a (mGCMa) belongs to a small family of transcription factors named after the prototypical GCM from Drosophila. mGCMa was expected to regulate gliogenesis, but instead found to be primarily expressed during development in trophoblasts of chorion and labyrinth. Its deletion causes abnormal placental labyrinth formation and results in embryonic lethality. Here we identify kidney and thymus as sites of mGCMa expression. In thymus, mGCMa is restricted to few small clusters of cells, in kidney to the S3 segment of proximal tubules. mGCMa expression is primarily postnatal, arguing for a role in organ function rather than organ development. q
Results
GCM proteins contain a conserved, novel type of DNA binding domain (Akiyama et al., 1996; Schreiber et al., 1997) . This so-called GCM box was first described in the prototypical GCM from Drosophila which functions as a master regulator of gliogenesis. In addition, the GCM family comprises Drosophila glide2, and the mammalian GCMa and GCMb, also referred to as Gcm1 and Gcm2, respectively. Interestingly, GCM function does not appear to be conserved throughout evolution (for review, see Wegner and Riethmacher, 2001 ). In accord with its extraembryonic expression, mGCMa ablation interferes with labyrinth formation and results in lethality at ,10 days post-coitum (dpc) (AnsonCartwright et al., 2000; Schreiber et al., 2000) .
After failing to detect mGCMa expression at various embryonic stages both by in situ hybridization and reverse transcription-polymerase chain reaction (RT-PCR) (Fig.  1A , and data not shown), we investigated adult mouse organs. By RT-PCR, high amounts of mGCMa-specific transcripts were observed in adult kidney and lower levels in thymus (Fig. 1A) thus corroborating a previously reported PCR signal for kidney believed to be artifactual (Kim et al., 1998) . No significant expression was detected in several other tissues including brain, arguing that the overall steady-state levels of mGCMa transcripts in these tissues are significantly below those in kidney and thymus. A parallel presence of mGCMa protein in both kidney and thymus was revealed by Western blot analysis (Fig. 1B) .
To study the temporal and spatial mGCMa expression profile, we took advantage of our lacZ-knockin mouse . In this mouse, a lacZ marker replaces all mGCMa coding sequences except the 32 aminoterminal residues to which it is fused. Histochemical lacZ staining allows to follow expression of mGCMa in kidney and thymus of heterozygous mice. Although a loss of tissuespecific regulatory regions in the knockin cannot be ruled out, it is noteworthy that lacZ was not detected in the brain at any age examined.
In the thymus, earliest expression was observed at 16.5 dpc in few clusters of approximately 30 cells ( Fig. 2A) . During late embryonic and early postnatal development, the number of clusters increased with a concomitant decrease in the number of cells per cluster (Fig. 2B,C) . Stained cells were absent from cortex and Hassall's corpuscles, and might correspond to the parathyroid hormone and mGCMa expressing thymic cells reported by Günther et al. (2000) .
In the kidney, lacZ expression was first detected imme- diately after birth (Fig. 2E,F) . The radial striped pattern at low resolution excludes expression in the renal insterstitium (Fig. 2G,I ,K). At high resolution, staining was visible in cavity-surrounding cells of cross-sectioned tubules (Fig.  2F,L) . Consistent with expression in proximal tubules, staining is absent from the cortex and restricted to the outer stripe of the outer medulla (Fig. 2I) . Mirroring mGCMa expression (for in situ hybridization, see Fig. 2D ) lacZ staining reaches maximal intensity during the second postnatal week and is stable throughout adulthood (Fig.  2K,L) . We additionally performed colocalization studies with antibodies for proximal tubule, distal tubule, and collecting duct markers. Only the proximal tubule marker colocalized to the same structure as lacZ (Fig. 3A-C) . The near complete overlap of lacZ with Aquaporin-7 (Fig. 3D ) and with mGCMa (Fig. 3D, inlay) indicates mGCMa localization to the S3 segment of the proximal tubule. To our knowledge, this is the first transcription factor reported to be specifically expressed in this segment. GCMa might therefore regulate expression of genes involved in the physiology of the S3 segment.
Materials and methods
Total RNA and protein were extracted from mouse tissues with TRIzol reagent, and cDNA prepared from RNA by reverse transcription. Polymerase chain reaction (PCR) was performed on cDNA using primers 5 0 -AGAC-CAAGCTGGAAGCAGAG-3 0 and 5-GCATGTTGCTGC-TGAGTAGG-3 0 for mGCMa. Western blots were carried out on tissue extracts or Cos7 cell extracts using a polyclonal antiserum against mGCMa , protein A-coupled horseradish peroxidase and ECL detection reagent (Amersham). Mouse mating, genotyping, X-gal staining and in situ hybridization of vibratome sections, and immunohistochemistry on acetone-fixed cryotome sections were performed as described Stolt et al., 2002) using rabbit or goat anti-lacZ antibodies (Biotrend) in combination with kidney specific antibodies or the antiserum against mGCMa. Secondary antibodies conjugated to Cy2 and Cy3 immunofluorescent dyes (Dianova) were used for detection. 
